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[0001] This application claims the benefit of priority based on provisional Application No. 
60/270,635, filed on February 23, 2001, and incorporated herein by reference. 

R ArKYlROITNn of THE INVENTION 

5 Field of the Invention 

[0002] The present invention relates to a semiconductor die package having mesh power and 
ground planes and a method for manufacturing such a die package, 
n^rrip tion of tb e Related Art 

[00031 A semiconductor die or chip is an electrical component on which a microcircuit is built. 
10 The microcircuits can be interconnected together on the printed circuit board to form larger 
electronic circuits for use in radios, televisions, compact disc players, and computers, to name 
just a few. Because the semiconductor die is fragile, it is encased in a semiconductor die package 
to protect it from the environment. If one were to look inside an electronic device, such as a 
computer, compact disc player, or cell phone, one would see one or more printed circuit boards 
1 5 on which semiconductor die packages are mounted and electrically interconnected. 

[0004] The semiconductor die package includes a housing that holds the semiconductor die and 
conductive leads or pins that extend from the bottom or sides of the housing. The conductive 
leads are electrically connected to the semiconductor die within the housing. The outside ends of 
the leads are typically connected to conductive paths on the printed circuit board or plugged into 
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a socket on the printed circuit board. This secures the semiconductor die package to the printed 
circuit board and permits electrical signals to pass between the semiconductor die and other 
components on the printed circuit board. 

[0005] The integrated circuits built on semiconductor dies are becoming increasingly powerful. 
As processing power has increased, the number of inputs and outputs between semiconductor 
dies and other circuit components has increased as well and is expected to increase further. Die 
packages must provide a larger number of leads or pins without significantly increasing the size 
of the package. In addition, semiconductor devices are being designed with lower operating 
power voltages in order to reduce size and power consumption. Notwithstanding lower power 
consumption, thermal performance remains an important factor in package design. As the 
operating power is lowered and device speeds increase, signal integrity has become increasingly 
important concern. For example, in device operation, fluctuations in power and ground voltages 
should be limited. Large fluctuations in power and ground are not only inefficient, but may 
cause erroneous operation and may even damage the integrated circuitry on the die. Moreover, 
parasitic inductances should be reduced to facilitate high-speed operation. Accordingly, there is 
a need for packages that are inexpensive, that can accommodate a large number of inputs and 
outputs, and that can support high speed, low power operation. 
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STTMM^P V ™ TTTF. INVENTION 
[0006] The present invention has been made in view of the above circumstances and has as an 
object to provide an economical, compact die package having large number of inputs and 
outputs. 

5 [0007] A further object is to provide an economical, compact die package and mating socket 
having large number of inputs and outputs that may mounted be to a substrate, such as a printed 
circuit board. 

[0008] A further object is to provide a die package having stable power and ground planes. 
[0009] A further object is to provide a die package having cost effective power and ground 
10 planes. 

[0010] A further object is to provide a die package having easily configurable power and ground 

planes. 

[0011] A further object to provide an economical die package having stable power and ground 
planes and a mating socket that may mounted be to a substrate, such as a printed circuit board. 
1 5 [0012] A further object of the invention is to provide a sturdy and reliable die package having a 
large number of inputs and outputs and stable power and ground planes. 
[0013] A further object of the invention is to provide an improved power and ground plane 
arrangement that may be used with a die package, with a mating socket, or with a substrate. 
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[0014] Additional objects and advantages of the invention will be set forth in part in the 
description which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the invention will be realized and 
attained by means of the elements and combinations particularly pointed out in the appended 
claims. 

[0015] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the invention, 
as claimed. 

PPT ^ F ^srmPTTON OF THF D RAWINGS 
[0016] The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate embodiment(s) of the invention and together with the description, serve 
to explain the principles of the invention. 

[0017] Figures 1 and 2 provide perspective views of an illustrative embodiment of a cluster grid 
array die package and mating socket in accordance with the present invention. 
[0018] Figure 3 provides a perspective view of an illustrative embodiment of a cluster grid array 
die package in accordance with the present invention. 

[0019] Figure 4 provides a view of an illustrative embodiment of a housing base of the cluster 
grid array die package without substrate in accordance with the present invention. 
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,0020] Figure 5 provides a view of an illustrative embodiment of power and ground planes in the 
housing base in accordance with the present invention. 

[00211 Figures 6 and 7 provide views of an illustrative embodiment of the power and ground 
planes in the housing base in accordance with the present invention. 
5 [0022] Figure 8 provides aperspective view of a further illustrative embodiment of power and 
ground planes in the housing base in accordance with the present invention. 
[0023] Figures 9 and 10 provide side and bottom views, respectively, of the further illustrative 
embodiment of the power and ground planes in the housing base in accordance with the present 
invention. 

10 [0024] Figure 1 1 provides a view of an illustrative embodiment of a mating socket in accordance 
with the present invention. 

[0025] Figure 12 provides a view of an illustrative bottom view of the mating socket and printed 
circuit board pad or substrate layout to which the mating socket may be attached in accordance 
with the present invention. 
15 [0026] Figure 13 provides a further illustrative bottom view of the mating socket in accordance 
with the present invention. 

[00271 Figure 14 provides a further illustrative bottom view of the mating socket in accordance 
with the present invention. 
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[0028] Figure 15 shows an illustrative embodiment of a single buttress and cluster of package 
pins in accordance with the present invention. 

[0029] Figure 16 shows a cross section of an illustrative embodiment of the die package of 
Figure 7. 

5 10030] Figures 17 and 1 8 show an illustrative electrical path between a die or substrate and a 
circuit board through a cluster grid array die package and mating socket. 

10031] Figures 19 and 20 show the mating of pin clusters of a cluster grid array die package and 
a mating socket according to an illustrative embodiment of the present invention. 
100321 Figure 21 illustrates an exemplary embodiment of a mating socket in accordance with the 
10 present invention. 

[00331 Figure 22 illustrates a cutaway sectional view of the embodiment of Figure 22. 

100341 Figure 23 illustrates an exemplary embodiment of a die carrier in accordance with the 

present invention. 

[0035] Figure 24 provides a cutaway sectional view of the embodiment of Figure 23. 



15 



p ysrmPTTON OF thf, PREFFPWFP FMBOT>TMENX 
[0036] Reference will now be made in detail to the present exemplary embodiment(s) of the 
inventionillustratedintheaccompanyingdrawings. Wherever possible, the same reference 
numbers will be used throughout the drawings to refer to the same or like part's. 
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[0037] Figures 1 and 2 illustrate an exemplary embodiment of a cluster grid array semiconductor 
die package 100 and a mating socket 200 in accordance with the present invention. The die 
package 100 includes a housing 110 that houses at least one semiconductor die. As shown in 
Figure 2, a plurality of posts 120 extend from a bottom surface of the housing 110. Package pins 
5 130 extend along the posts 120 and provide electrical paths from an interior to an exterior of 
housing 110. The mating socket 200 includes housing 210 having a plurality of sockets 220 in a 
top surface. A plurality of socket contacts or beams 230 are arranged within the sockets 200 as 
shown in Figure 1. The socket beams 230 include ends 232 that extend from a bottom surface of 
the housing 210. The ends 232 may be electrically connected to a printed circuit board (not 

1.0 shown) or other substrate, for example, by surface mounting, by plated through hole (PTH) 

technology, by press-fit, or by other suitable techniques. For example, if surface mounting were 
used, the ends 232 may be soldered to electrically-conductive pads on the surface of the 
substrate. As arrays become smaller, routing challenges escalate accordingly, especially in high 
speed, high pin-count devices. Electrical attributes are often the first to suffer. In high-density 

15 applications, particularly those involving pitches of 0.5 to 0.8 or less, the ends 232 may be 

surface mounted to pads at various levels within a multi-layer substrate, such as a printed circuit 
board, as described, for example, in U.S. Patent Nos. 5,543,586 and 5,659,953, to maintain a 
pluggable format. 
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[0038] The die package 100 mates with the mating socket 200 to form electrical paths between 
,„e a, least one semiconductor die within the package housing 1 10 and the printed circuit board 
or substrate on which the mating socket 200 is mounted. Accordingly, electrica. signals, power, 
and ground may be coupled to and from the at least one semiconductor die and the substrate. 
[0039] In particular, the bottom surface of the package housing 1 10 is brought together with the 
upper surface of the mating housing 210 so that the posts 120 are received in the sockets 220. 
Consequently, as described in more detail below, the package pins 1 30 engage Are socket contact 
beams 230 to form selectively attachable electrical connections. The package 100 is securely 
retained to the mating socket 200 by the force exerted between the socket contact beams 230 and 
the package pins 130 or by other suitable retention features. The die package 100 may be 
selectively detached from the mating socket 200 by puffing the die package 100 away from the 
mating socket 200, thereby slideably releasing the package pins 130 from the socket contact 
beams 230. Package 100 may be provided with, for example, 600-3000 package pins with 
arrayed pitches ranging from about 0.5 mm to 1.27 mm. A corresponding number of socket 
contact beams 230 may be provided a, corresponding pitches. Of course, these are merely 
examples and more (or fewer) pins may be provided at greater or smaller pitches. 
[0040] For example, embodiments of the package may be designed to fit the existing and future 
needs of high pin-count flip chip devices. Larger arrays, such as 1 mm and 0.8 mm, may utilize 
a spreader substrate to fan out signals from the 0.25 mm and 0.5 mm pitches to a scale more 
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compatible with current cost-effective printed circuit board (PCB) technology. In many cases, 
0.5 mm devices can be directly attached to the package structures. The packages may be 
designed to be near chip-scale in it. smaller arrays. For example, 2500 inputs/outputs can be 
accommodated in a space approximately 32mm x 32mm. The packages 100 and mating sockets 
5 200 are designed to provide the mechanical stability and rigidity necessary for true socket 
operation that provides sufficient stability to handle the rigors of real-world handling. 
[00411 Figure 3 shows an illustrative embodiment of the package housing 1 10. As shown in 
" Figure 3, the package housing 1 1 0 may include an upper lid 1 12 and a lower housing base 1 14. 
•" The upper lid 112 maybe formed, for example, of athermally conductive material, such as 
10 copper. As such, the upper lid 1 12 permits heat to be dissipated from the package housing 110. 
This permits semiconductor dies within housing 110 to operate more efficiently. Alternatively or 
in addition, the die(s) may be encapsulated within the lower housing base using a suitable 
encapsulant. The base 114 maybe formed of an electrieally-insulative material. The material 
may be selected to approximate the thermal expansion properties of the base material of the 
1 5 semiconductor die, such as silicon, germanium, gallium arsenide, etc. One suitable material for 
base 1 14 is liquid crystal polymer, such as Vectra E1301, which may be purchased from Tieona 
of Summit, NJ. Liquid crystal polymer material is highly accurate in molding operations, 
maintaining tight tolerances yet offering high flow during the injection step of the molding 
process. Vectra, in its various formulations, has the potential to be doped to deliver the desired 



-10- 



PATENT 

ATTORNEY DOCKET NO. 040879-5094 



physical properties for an individual application, enhancing reliability and overall robustness. Of 
course, housing base 1 14 may be formed of another material or combination of materials as well. 
[0042] As shown in Figure 3, for example, the housing base 1 14 include indentations 1 14a-l 14d. 
As discussed further below, power contacts 166 and/or ground contacts 176 may be provided in 
5 one or more of indentations 1 1 4a-d. Of course, electrical paths for power and/or ground may be 
provided in other ways as well. 

[0043] Figure 4 illustrates a top view of an exemplary embodiment of the housing base 114. As 
shown in Figure 4, the housing base 114 includes a floor 1 16 and walls 117 that define a cavity 
1 1 8 in which one or more semiconductor dies may be held. The cavity 1 1 8 may also hold a 

10 substrate, such as a multi-layer ceramic or polymer substrate, upon which one or more 

semiconductor dies may be mounted. Such a substrate may be, for example, a spreader substrate 
that serves as an adapter for converting the pitch of signals of the die to a pitch compatible with a 
printed circuit board or other substrate to which the die carrier is mounted. Solder balls 150 may 
extend from an upper surface of floor 1 16. The solder balls 150 may be formed on the ends 132 

15 of package pins 130. Of course, while solder balls 150 are described herein as an example, the 
solder balls 150 may be replaced, in whole or in part, with other electrical connection elements, 
such as pads or bumps, conductive paste or other conductive material or combination of 
materials, or simply the ends 132 of the package pins 130 themselves. The solder balls 150 may 
be provided in an array, for example, as shown in Figure 4. The solder balls 150 may be used to 
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form an electrical contact to the at least one semiconductor die or the substrate upon which one 
or more semiconductor dies are mounted. If a substrate is provided, the substrate may provide an 
electrical path from the solder balls 1 50 to landings on the upper surface of the substrate. The 
semiconductor die(s) may couple directly to the landings or via other electrical material, such as 
5 bonding wires, tape automated bonds, jumpers, or other suitable electrical coupling. The solder 
balls may be applied directly to the semiconductor die, either before or after dicing the wafer, 
and then mounted to the die carrier. 

[0044] In an exemplary embodiment, a set of solder balls 150 may be used for power supply and 
another set of solder balls 150 may be used for ground. The remaining solder balls may be 

10 available for signal transmission and/or other purposes. In an exemplary embodiment, an outer 
r ring 1 50- 1 or ring portion of solder balls 1 50 may be used for power supply. Another ring of 
solder balls 150-2 just inside of the outer ring may be used for ground. The rest of the solder 
balls 150 may be used as signal paths or other purposes. In the example shown in Figure 4, 92 
solder balls are used for power supply, 104 solder balls are used for ground, and 624 solder balls 

1 5 are available for signals or other purposes. 

[0045] Figure 5 illustrates a section view of an embodiment of housing 110 taken through base 
1 14 to show power planes 160 and ground planes 170 within the floor 1 16. Figure 5 shows ends 
132 of package pins 130 extending through the floor 1 16 of the housing base 1 14. It should be 
noted that pairs of the package pins 130 may be used to provide power and ground connections. 



-12- 



PATENT 

ATTORNEY DOCKET NO. 040879-5094 



As noted above, solder balls 150 may be formed on the ends 132 of the pins 130. The particular 
arrangement of power planes 160 and ground planes 170 shown in Figure 5 is merely exemplary. 
The power planes 160 and ground planes 170 may be formed as planar traces, as wirings, as 
frames, or another suitable shape. 
5 [0046] The power plane 160 illustrated in Figure 5 is provided in four trace segments 161, 162, 
163, and 164. Segments 161, 162, 163, and 164 extends along the periphery of floor 1 16 
between indentations 1 14a and 1 14b, indentations 1 14b and 1 14c, indentations 1 14c and 1 14d, 
and indentations 1 14d and 1 14a, respectively. As shown, the segments 161-164 may be 
generally L-shaped. However, the segments of power plane 160 may be provided in other 

1.0 shapes, for example, C-shaped, or another suitable shape, or may be placed above or below each 
other. The segments 161-164 may be supplied with different supply power voltages, for 
example, if the die package housed multiple dies that operate with multiple power supply 
voltages. The power plane 160 may be provided by any number of segments, from a single 
segment to five or more segments. 

15 [0047] Ground planes 170 may be formed by trace segments arranged in rows 171 and trace 
segments arranged in columns 172 to form a checkerboard pattern. The rows 171 and columns 
172 pass between the ends 132 of package pins 130. The rows 171 and columns 172 may be 
spaced so as to pass between groups of one or more pins 130. As shown in Figure 5, for 
example, the rows 171 and columns 172 divide the pins 130 into groups of four. Figure 5 further 
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shows each of the rows 171 and columns 172 coupled together. However, this is not required. 
The rows 171 and columns 172 may form multiple ground segments, for example, to isolate 
certain signal paths from others. For example, the checkerboard pattern shown in Figure 5 may 
be easily converted into two segments by cutting each row line 171 between two adjacent 
5 columns lines 172, into four quarter segments by further cutting each column line 172 between 
adjacent row lines 171, etc. 

[0048] Power contacts 166 and ground contactsl76 may be provided at indentations 1 14a-l 14d. 
Electrical connection between the power and ground planes 160, 170 and the mating socket 200 
may be provided at power and ground contacts 166, 176. The embodiment shown in Figure 5 

1 0 includes two power contacts 1 66 and two ground contacts 1 76 per indentation 1 1 4a- 1 1 4d. 
However, this is merely illustrative. Any number (1 or 3 or more) power and ground contact 
may be provided. The embodiment of Figure 5 shows four indentations 1 14a-l 14d, but it should 
be appreciated that 1, 2 (on either adjacent or opposite sides of housing 110), or more 
indentations 1 14 (e.g., multiple indentations on one or more sides of housing 1 10) may be 

1 5 provided. Moreover, the power and ground contacts 1 66, 1 76 need not be provided at 

indentations 1 14 at all. Power and ground contacts may be provided, for example, on the outer 
sides of housing base 1 14 or through the bottom surface of the housing base 1 14 (e.g., using 
package pins 130 or otherwise). 
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[00491 Figure 6 provides a cutaway view of a section of base 1 14 to illustrate one exemplary 
embodiment for forming contacts 166 and 176. Figure 7 illustrates the entirety of the 
embodiment shown in Figure 6. As best seen in Figure 6, the power plane segment 162 may 
extend along the base 1 14 at indentation 1 14b (no, shown) to provide apower contact 166. 
5 Similarl y , P ower P lanesegme»tl6.ma y forma P owercontactl66. Ground plane 170 may 

include one or more extensions, such as extensions shown in Figure 6, that extend la.era.ly along 
the outer side wall 117 at indentation 1 14b to form one or more ground contacts 176. 
[0050] The power and ground contacts 166, 176 may contact power and ground mating pins 240 
of mating socket 200 to form an electrical connection. The power and ground mating pins 240 
10 may have a recently flexib.e contact beam 244 that flexes outwardly when in contact with the 
power and ground contacts 166, 176 to maintain a normal force for good electrica! contact. 
[00511 Figure 6 further illustrates holes 116a in floor 1 16 in which solder balls 150 sit. The 
holes 116a may extend entirely through the housingbase 114 to accommodate package pins 130. 
Holes U6ato.hepowerp.ane 160 and ground plane 170 do no. necessariiy extend through 
,5 housingbase 114, bu. may terminate at the power and ground planes 160, 170. As shown in 
Figure 4, such holes 116a enable the solder balls 150 to contact the power and groundplanes 
160, 170 to form an electrical connection. 

[00521 Figure 7 provides an exploded view of an illustrative embodiment of the die package 100 
to show the electrical contacts. A semiconductor die 300 and a substrate 310 are received in the 
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cavity 1 1 8 of the housing base 114. The semiconductor die 3 1 0 mounts to the substrate 310. The 
substrate 310 may be a multi-layer ceramic or polymer substrate that provides electrical 
connection between the solder balls 150 and the semiconductor die 300. Such a substrate 310 
may be, for example, a spreader substrate that serves as an adapter for converting the pitch of 
5 signals of the die to a pitch compatible with a printed circuit board or other substrate to which the 
die carrier is mounted. The substrate 310 contacts the solder balls 150 exposed on the floor 116 
of the base 1 14. Some of the solder balls 150 contact the package pins 130 and others contact the 
power and ground planes 160, 170. The lid 1 12 seals to the base 1 14 to retain the die 300. The 
die package 100 couples to the mating socket 200 such that package pins 130 engage socket 

ID contact beams 230 and such that power and ground contacts 166, 176 engage power and ground 
mating pins 240. Ends 232 of the socket contact beams 230 (not shown) and ends 242 of mating 
pins 240 (not shown) may couple to a substrate, such as a printed circuit board. 
[0053] Because package electrical performance is a factor for GHz-bandwidth signal 
transmission and sub-nanosecond switching, interconnect impedance control through the package 

15 is important for suppressing reflections and attendant noise interactions at the higher end of the 
signal spectrum. Maintaining good impedance control in a structure as three-dimensional as a 
high-density package is a challenging undertaking, requiring careful consideration of how power 
and ground distribution is effected through the package. In other words, in addition to designing 
the power and ground distribution for reducing inductance during switching, attention must be 
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paid to providing an effective return path for the current for all signal traces in the package. This 
purpose contributed to the introduction of power/ground planes in high-speed packages. 
[0054] Figures 8-10 illustrate an example of an alternative power and ground mesh combination 
used on the chip side in the package housing. As in Figures 5-7, the power/ground planes may 
5 be positioned directly under the die or die/substrate combination to assist in power distribution 
and signal termination. As shown in Figures 8-10, ground plane 170 may be provided at a first 
level within the floor 1 16 of package 100 and the power plane 160 may be provided at a second 
level within the floor 116. For example, the power and/ground planes may be insert molded into 
the floor of package 100 or attached with an adhesive after the floor, or a portion of the floor, is 

10 molded. In the latter case, the power and ground planes 160, 170 may be combined into a 

separate unit. As shown in Figures 8-10, the ground plane 170 is provided between the power 
plane 160 and the intended location of the die 300. Of course, as an alternative, the location of 
the power plane 160 and the ground plane 170 may be reversed. A coating may be applied to 
one or both of the power and ground planes 160, 170 to electrically insulate them from each 

15 other and other components. The coating(s) may be extremely thin to reduce inductance, e.g., of 
the package. The ground plane 170 may have a grid design of interconnecting rows 171 and 
columns 172. As above, a plurality of solder balls 150 may be used to couple the ground plane 
170 to the semiconductor die 300 or to the substrate 310, for example. 
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[0055] The power plane 160 may also have a grid design of intersecting rows 165 and columns 
167. The power plane 160 is designed to have a greater overall length and/or width than the 
ground plane 1 70 to improve electrical performance and to simplify electrical connection to 
solder balls. Of course, other arrangements are possible. In the embodiment shown in Figures 8- 
5 10, the power plane 160 includes a central row 165 and a central column 167 that intersect at a 
center plane 168. Of course, additional rows 165 and columns 167 may be provided if desired. 
[0056] Power plane 160 is coupled to solder balls 150 by plugs or extensions 169 that extend 
through a hole 1 16a (not shown) in base 1 14. In the example illustrated in Figures 8-10, 
extensions 169 are provided spaced apart at the periphery of power plane 160. This arrangement 

10 provides additional space for pins 130 and/or signal pin extensions 131, which may be used to 
connect the signal pins to the solder balls 150, to the die, or to the substrate. Signal pin plugs or 
extensions 131 may be formed by two parts: a vertical extension 131a and a horizontal extension 
131b. Vertical extensions 131a provide a vertical path toward the die 300. Horizontal 
extensions 13 lb may be used to fan out the signal paths between the die 300 and the package 

15 pins 130. Extensions 169 are also provided at the center plane 168 to permit connection to solder 
balls. Figures 8 and 10 illustrate four extensions 169 providing electrical connection from the 
center plane 168 to the solder balls 150. Of course, additional extensions 169 may be provided 
between the power plane 160 and the solder balls 150. Alternatively, extensions 169 may 
provide electrical contact to the die 300 or to the substrate 310 on which the die is mounted. 
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the case of a 0.8 mm-pitch package design with 624 signal pins, the number of "ceils" in the 
ground mesh,70may be 156 and the number of corresponding power cells in the power mesh 

5 1 60 may be 36. in the mesh structure, the area array contact with the die is facilitated for both 
power and ground with the chip. Furthermore, the arrangement is such that the "effective" value 
of the power and ground inductance introduced by the package remains low. Even though the 

, ' quantification of an "effective" value of the power inductance during switching is difficult, an 

' approximate calculation of su^ 

10 those factors mat have an impact on its value. For an example having a 0.8 mm pitch, the 

calculated value of the self-partial-inductarrce of the ground mesh is 0.32 nH. Addition^, the 
mutual partial-inductance between the power and ground mesh in the case of a 0.3 mm 
separationbetweenthem is found to be0.2nH. Thus, the effective valueof ground inductance 
introduced by the ground mesh during switching is 0.12 nH in this example. 
1 5 [0058! A similar calculation can be performed to estimate the worst-case effective inductance 
introduced by the power mesh 160. Assuming the example provided above and that tire power 
meshmetaffizationis the same as thatofthe ground mesh, the worst-case effective inductance 
introduced by the power mesh is found to be 0.23 nH. This value is higher than that of the 
groundmeshbecauseofthe coarser mesh metallization used for the power mesh. Remarkably, 
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this value can be reduced even further by increasing the width and thickness of the metallization. 
In any case, it is stressed once more that these are worst-case values for specific examples, and 
that the power-ground mesh configuration is designed in such a manner that the "effective value" 
of power and ground inductance can be controlled through the assignment of some of the pins in 
5 the clusters as extra power and ground pins. 

[0059] The presence of the ground plane in the package housing immediately beneath the die 
likewise allows for impedance control for those signal traces that need to be fanned out away 
from the die. The mesh structure can be added in one or more places, depending upon the 
electrical needs. For example, in the case of a 0.8 mm-pitch package design, signal trace 
1 0 impedance values in the range of 50 to 70 Ohm are easily attainable through selection of signal 
trace width and separation from the ground mesh. The same holds true for signal traces routed 
between the power and ground mesh planes, as well as below the power mesh plane. The number 
of signal layers that may be used is dependent on input/output pin count and density, as well as 
crosstalk constraints. 

15 [0060] Figure 1 1 illustrates an exemplary embodiment of a mating socket 200. As shown, 
mating socket 200 includes a housing 210 having a floor 216 and side walls 217 that define a 
cavity 218 sized to receive the die package 100. The floor 216 includes a plurality of sockets 
220. Sockets 220 are sized and positioned to receive the posts 120 of the die package 100. 
Sockets 220 may be arranged in an array pattern. Socket contact beams 230 are positioned 
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within the sockets 220. In the example shown in Figure 11, four socket contact beams 230 are 
provided for each socket 220. However, any number of socket contact beams 230 may be 
provided per socket, such as 2, 3, or 5 or more. The socket contact beams 230 extend through 
and are held in the housing 210. For example, the housing 210 may include holes formed 
5 therethrough into which socket contact beams 230 are inserted and held via friction, adhesives, 
and/or mechanical expedients, such as spurs, wedge, or tongue-and- groove arrangements. Power 
and ground mating pins 240 may be similarly held in the housing 210. The embodiment of 
Figure 1 1 includes a cam mechanism 250 with a cam lever 252. The cam mechanism 250 may 
be used, as described in more detail below, to reduce the insertion force needed to plug the die 

10 package 100 into the mating socket 200. 

[0061] Figure 12 illustrates a bottom surface of mating socket 200 and a portion of a substrate, in 
this case a printed circuit board 400, to which it may be attached. Ends 232 of socket contact 
beams 230 and ends 242 of mating pins 240 extend from a bottom surface of housing 210. The 
ends 232, 242 may contact pads 410 formed on circuit board 400 to form an electrical 

1 5 connection. In particular, the ends 232, 242 may be soldered to the pads 4 1 0 to retain the mating 
socket 200 to the circuit board 400 and at the same time form an electrical connection. As shown, 
the pads 410 are arranged in the same pattern as the ends 232, 242. Traces (not shown) may lead 
to contact pads 410 to couple electrical signals to and from the contact pads. Alternatively, the 
pads 410 may be replaced by plated through holes through which the ends 232, 242 may extend. 
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Solder may be used to electrically connect and retain ends 232, 242 in such through holes. Of 
course, the description herein is merely exemplary and other techniques may be used to couple 
the mating socket 200 to a substrate. 

[0062] Figures 13 and 14 illustrate two alternative arrangements of the bottom surface of mating 
5 socket 200. For simplicity, Figures 13 and 14 illustrate only the ends 232 of socket contact 
beams 230. Figures 13 and 14 each illustrate designs incorporating a ground mesh 260. In 
particular, Figure 13 shows the bottom surface of mating socket 200 with an isolation gate 
structure providing a ground for signal beams 230. A reduced number of beams 232 is shown for 
the sake of clarity. More particularly, the ground mesh 260 includes electrically-conductive rows 

10 261 and columns 262 that intersect to divide the ends 232 of beams 230 into groups or cells. 

While Figure 13 illustrates a ground mesh 260 that divides the ends 232 of beams 230 into cells 
of four, the mesh 260 may be designed to divide the ends into groups of one, two or three, or five 
or more. The rows and columns 261 and 262 include bumps 265 for making electrical contact 
with the substrate, e.g., printed circuit board, on which the mating socket 200 is mounted. 

1 5 Bumps 265 are spaced periodically on the surface of the ground mesh 260. Of course, bumps 
265 may be omitted or replaced by other contact structure. 

[0063} An alternative grounding structure, as shown in Figure 14, features isolation rows 261, 
allowing for somewhat lower manufacturing costs as well as improved airflow beneath the 
socket 200. As shown in Figure 14, the rows 261 are provided between every other row of ends 
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232 of beams 230. As above, rows 216 may be provided between every row of ends 232 or 
between a larger number of rows. In Figures 13 and 14, the meshes 260 are regularly spaced, but 
of course irregular mesh spacing may be used if desired. 

[0064] As mentioned earlier, in addition to the use of the power mesh and the peripheral ground 
5 pins, the beams 230 in the cluster or group may also be used for a more direct power distribution 
to different locations on the die 300. The presence of the ground structure 260 facilitates the 
reduction of the effective power inductance that the beams 230 present during switching. As a 
measure of this inductance value, let us consider the case in which four beams 230 in one cluster 
are used as power pins. In a 0.8 mm-pitch design, where the stacking height is 7.6 mm, and a 
10 socket ground structure as detailed in Figure 14, the "effective" power inductance during 

switching is calculated to be 0.23 nH. This value can be further reduced through the assignment 
of more of the beams as power elements. 

[0065] Figure 1 5 illustrates an example of a post 120 and package pins 130 that may be used in 
connection with the present invention. Post 120 extends from a lower surface of housing base 
15 1 1 4. In one preferred embodiment, the posts 1 20 are formed simultaneously with the housing 
base 114 using a molding process. The post 120 may include axially-extending grooves 122 
spaces around the circumference of the post 120. The grooves 122 are adapter to receive at least 
a portion of package pins 130. The post 120 may have a generally circular cross section with 
cut-outs for grooves 122. However, other cross-sectional shapes are possible as well, such as 
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squares, rectangles, pentagons, hexagons, etc., with or without grooves 122. Post 120 further 
includes an angled tip 124. The tip 124 aids insertion of the post 120 into a socket 220 of the 
mating socket 200. The tip 124 may, for example, help to properly spread socket contact beams 
230 in the event of minor misalignment. 
5 [0066} Package pins 130 include an end portion 132 (not shown in Figure 15), a stabilizer 

portion 133 extending within the housing, contact portion 134 extending outside of housing 110. 
The stabilizer portion 133 functions to hold the pin 130 stable in the housing and may thicker 
than the contact portion 134. The contact portion 1 34 is adapted to form an electrical connection 
with socket contact beams 230. The contact portion 134 may extend in groove 122. The contact 
10 portion 134 may include a rounded tip 136. The rounded tip 136 helps to flex socket pin 130 
outwardly during mating. In the example of Figure 10, four package pins 130 are provided per 
post 120. However, another ratio of pins 130 per post 120 may be used, such as 2, 3, or 5 or 
more. 

[0067] Figure 16 illustrates an exemplary cross section of die package 100 through posts 120. 
15 Posts 120 extend from the bottom surface of housing base 114. Package pins 130 extend through 
the housing base 1 14 and along the posts 120 such that a contact portion 134 is exposed 
externally of the package housing 110. The stabilizer portion 133 of each package pin 130 is 
held within the housing base 1 14, for example, by friction, an adhesive, spurs, and/or other 
suitable expedients. The portion 133 may be thicker than the contact portion 134 to provide 



1-WA/1393904.1 



-24- 



PATENT 

ATTORNEY DOCKET NO. 040879-5094 



added stability. Ends 1 32 of package pins ,30 contact solder balls ,50, which contact substrate 
310 through holes 116a in floor 116. Holes 116a also permit solder balls 150 form contacts 
between power plane 160 and substrate 310 and between ground plane 170 and substrate 310. 
As shown in Figure 16, the rows 171 and columns 172 of ground plane 170 extend between the 
5 package pins 130. Substrate 3 10 may have multiple levels and vias that form electrical 

connections between its bottom surface, which contacts the solder balls 1 50 and its upper surface 
adjacent die 300. Substrate 310 may make direct electrical connections with die 300. 
: Altemativelyorinaddition.substrateSlOmayhavebondingpadswltichelectricallycouple.o 

the die 300 via electrically conductive material, such as wire bonds, tape automated bonding, 
10 jum P ers,e.c. Thermal lid 112 caps the housing base 114 to retainand protect die 300. 

[00681 As noted above, the base ! 14 may be formed by molding from a polymer, such as a liquid 
' crystal polymer. Holes 1 16a may be formed during the molding process or by removing material 
' aftermolding. The electrically-conductive power and ground planes 160, .70 may be a frame, 
such as a lead frame, that is molded into the base 114 when the base 1 14 is formed or may be 
1S ap P Uedtoasurfaceofthebasell4af,er,hebaseismolded.Insuchacase,anadditionalfloor 

piece 1 16 having holes 1 16a may be formed over the power and ground planes 160, 170. 
Package pins 1 30 may be cu, from wire stock and machined to the shape shown in the Figures, 
for examp.e. The package pins 130 may be inserted into the holes 1 16a from the direction of the 
cavity 118. If a two-piece base and floor is used, the pins 130 may be inserted before the floor 
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1 16 is applied. In such a case, it is important that the ends 132 of pins 130 register with holes 
1 16a. Solder balls 150 are laid over the holes 1 16a to contact the ends 132 of pins 130, the 
power plane 160, and the ground plane 170. The substrate 3 10 (if used) and die(s) 300 are then 
laid over the solder balls 150. Solder balls 150 may be melted to form an electrical and 
5 mechanical attachment and any other electrical connection within the cavity 118 may be made 
(e.g., wire bonding, etc.). The lid 1 12 may then be sealed to the base 1 14 to complete the 
package 100. 

[0069] As shown in Figure 16, the lengths of the contact portions 134 of package pins 130 may 
vary. For example, the length of the contact portion 134 of pin 130-1 is greater than the length of 
10 the contact portion 134 of pin 130-2. As a result, the contact portions 134 of pins 130-1 and 130- 
2 engage the corresponding contact beams 234 of the mating socket at different times during 
mating. In this way, the insertion force needed to couple the package 100 with the mating socket 
200 may be reduced. 

[0070] Figures 17 and 18 illustrate an exploded view of an exemplary electrical connection path 
1 5 between die 300 (or substrate 3 1 0) and a substrate 400, such as a printed circuit board, for a 
single cluster of package pins 130 and socket contact beams 230. The signal paths through the 
package 100 and the socket 200 are realized through the four-pin cluster shown in Figures 17 and 
18. Die 300 couples to solder balls 150, which are in electrical contact with the ends 132 of 
package pins 1 30. As noted above, extensions or plugs 131 may be provided to couple the ends 
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132 of pins 130 to the solder balls 150 or directly to the die 300 or substrate 310. Contact 
portions 134 of package pins 130 extend along the post 120 and are spaced apart around the 
circumference of the post 120. The post 120 and package pins 130 are received in a socket 220 
(not shown for ease of understanding) and engage socket contact beams 230. 
5 [0071] The socket contact beams 230 include resilient, flexible contact beams 234 that extend 
from the housing 210. Contact beams 234 each include an upstanding portion 235, a first angled 
portion 236, and a second angled portion 237. The first angled portion 236 angles inwardly, 
toward the space for receiving post 120. The second angled portion 237 angles outwardly away 
from the space for receiving post 120. Accordingly, as the post 120 is received, the second 

10 angled portion 237 helps to spread the contact beam 234 outward away from the post 120. The 
first angled portion 236 helps to provide a normal force against the contact portion 1 34 of the 
package pins 130 for a good electrical connection. The socket contact beams 230 further include 
a stabilizer portion 233 held within the housing 210, for example, by friction, adhesive, spurs, 
tongue-and-groove, wedge, and/or other expedients. The stabilizer portion 233 may be thicker 

15 than ends 232 and beam 234 to maintain stability of the pin 230. Ends 232 of socket contact 
beams 230 extend from a bottom surface of housing 210 and may be surface mounted, for 
example, to bonding pads 410 on substrate 400. Accordingly, as provided in this example, an 
electrical path is formed from the die 300, to the solder balls 150, to the package pins 130, to the 
socket contact beams, and to the substrate 400. 
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[0072] The socket housing 210 may be formed by molding, for example. Similar to the package 
housing, the socket housing 210 may be molded from a polymer material and, after molding, the 
socket contact beams 230 may be inserted. Alternatively, the socket housing 210 may be molded 
around the contact beams 230. In addition, a ground or shield structure may be added to the 
5 socket housing 210. For example, the ground or shield may be molded into the socket housing 
210. 

[0073] Figures 19 and 20 illustrate an embodiment in which insertion of the posts 120 into the 
socket 220 is aided by cam 250. As noted above, the contact beams are designed to have an 
adequate normal force to maintain positive contact under a variety of conditions and in numerous 

10 product applications. Typically, along with a substantial normal force of the contact beam comes 
a correspondent increase in insertion force. Although not objectionable on a per-contact beam 
basis, in a high pin-count configuration the insertion force may become problematic. To afford 
both high reliability and a high pin-count form, zero insertion force (ZIF) or low insertion force 
(LIF) options may be supported. In Figures 19 and 20, the beams 230 are "cammed" open to 

1 5 provide either zero- or very low-insertion force. 

[0074] As shown in Figures 19 and 20, a cam 250 may be positioned between a cluster of socket 
contact beams 230. Cam 250 is movable along the socket contact beams 230 between at least 
two positions. In a first position, as shown in Figure 19, cam 250 engages ridges 238 formed on 
surfaces of beams 234 of socket contact beams 230. The ridges 238 may be wedge shaped, for 
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example. As cam 250 is moved along beams 234 of the socket pin cluster, it engages and slides 
along ridges 238, thereby causing the beams to flex outwardly. Moreover, the sliding interaction 
of the cam 250 on the surface of beams 234 provides a significant wiping action to further assure 
good electrical contact. In a second position, as shown in Figure 20, the cam 250 is located 
5 adjacent the housing 210 and does not engage ridges 238. Consequently, cam 250 does not flex 
beams 234 outward. Rather, the beam 234 resiliently returns to a substantially unflexed position. 
[0075] The cam mechanism 250 may be used to reduce the insertion force required to mate the 
package 100 with the mating socket 200. For example, the cam 250 may be placed in the first 
position to spread the socket contact beams 230 prior to mating with the package pins 130, as 

1 0 shown in Figure 1 9. Once the package pins 1 30 are placed in position within the cluster of 

socket contact beams 230, the cam 250 may be moved to the second position, thereby permitting 
the socket contact beams 230 to collapse upon the package pins 130 to form electrical 
connections. Note that, in accordance with this embodiment, it is not necessary for the post 120 
to contact the cam 250. Cam 250 may be moved using externally applied pressure, either by man 

15 or machine, to a cam lever 252, shown in Figures 1 1 and 12, for example. 

[0076] The semiconductor die packages according to the present invention take into account 
electrical, mechanical, and thermal design considerations to provide the signal integrity useful for 
present-day semiconductors. Electrical performance considerations are important in the package 
design as next-generation application-specific integrated circuits (ASICs) and high-end 
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processors are pushing the input/output fluencies toward the microwave frequency band. To 
support such bandwidths without excess,ve noise generation and signal degradation, the signal 
transmission and power distribution through the package parallel those used for microwave 
signal transmission, yet a, densities more than two orders of magnitude greater. In particular, the 
5 presentpackagedesignsbomel— 

and facilitate satisfactory impedance control through the package. 

[00771 With regard to cost, the package designs described herein exhibit good materia, efficiency 
" duetoUghlydensestructureandhighmaterialutilizationperl/O. Processing costs of 
- assembling the various components of the package product family are low due to the 

,0 : ibW^.^^^"^^**^*"^- Thed6SignS 
permit Mly automated assembly. Moreover, the pluggable aspect of the designs advantageously 
enable population ofthe most expensive components during the final assembly phase, thereby 
reducing work in process and lowering inventory costs. 

[0 078, The power and groundplanes described herein may be provided in any position of the 
,5 assembly. The power and ground arrangements described herein and shown, for example, in 

FiguresS-.O.may be used in other semiconductor die carriers, such as flip chip carriers, ball grid 
arrays, etc., may be integrated into themating socket, or may be used in printed circuit boards or 

improve electrical performance. The power and ground planes may be provided, for example, 
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above a substrate, as part of the substrate, below a substrate, as part of the die carrier, as part of 
the mating socket, or any combination of the above. As noted above, the power and/or ground 
planes 160, 170 may have a coating that electrically insulates them. The coating may be 
extremely thin to reduce inductance. For example, the power and ground planes may be applied 
5 to a mold and encapsulated so as to become part of the die carrier 100 or mating socket 200. 
Further, the thickness of the ground and power planes may be altered by stacking additional 
layers. For example, a stacked ground/power/ground structure or a stacked power/ground/power 
structure may be provided. In general, these power and ground planes may run perpendicular to 
the signal pins, however, this is not required. 

10 [0079] Figures 21 and 22 illustrate an exemplary embodiment of a mating connector 200 in 

accordance with the present invention. The mating connector 200 of Figures 21 and 22 include 
many of the features and properties of the embodiment shown in Figures 1 and 2, for example, 
and described above. In general, the mating connector 200 includes a housing 210 having a 
plurality of sockets 220 and a plurality of electrically-conductive socket beams 230 arranged in 

1 5 the sockets 23 0. Housing 2 1 0 may include a floor portion 216 through which the sockets 220 are 
provided and walls 217. Ends 232 of socket beams 230 (not shown in Figure 21) extend from a 
bottom surface of the housing 210 for electrical connection to a substrate, such as a printed 
circuit board. As shown in Figures 21 and 22, sockets 220 may have a square shape, for 
example, but other shapes, e.g., circles, ovals, or polygonal shapes, are possible as well. Mating 
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connector 200 further includes power and ground mating pins 240 having resiliently flexible 
contact beams 244 that flex outwardly when on contact with the power and ground mating 
contacts 166 during mating between the die carrier and mating socket 200. Power and ground 
mating pins 240 may be provided in individual passages 212 formed in housing 210. The 
5 passages 212 may be provided, at least partially, in walls 217. As shown in Figure 21, the power 
and ground mating pins 240 may be provided on opposite sides of housing 200. Of course, the 
power and ground mating pins 240 may be provided on adjacent sides, on one side only, on three 
or four sides, or elsewhere. 

[0080] As shown in more detail in Figure 22, floor 216 may comprise a first insulative layer 216- 
10 1, a ground mesh 270, and a second insulative layer 216-2. The floor 216 includes holes 216a 
that at least partially define sockets 220 and through which the posts 120 and package pins 130 
of the die carrier may be inserted. As noted above, the ground mesh 270 may have a thin coating 
that insulates the ground mesh 270, including for example on the surfaces that define the holes 
216a. Of course, the structure between the first and second insulative layers 216-1 and 216-2 
1 5 may be a power plane, a combination of adjacent power and ground planes, or a stack of a one or 
more power and ground planes, as discussed above. Housing 210 includes a base 214 on which 
the floor 216 may be mounted. A cavity 218 may be defined between the base 214 and the floor 
216. At least the flexible contact beams 234 of the socket beams 230 may be provided, or extend 
through, the cavity 218. Accordingly, at least during mating of the die package 100 and the 
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mating socket 200, the package pins 130 and/or the socket beams 230 will pass through the 
ground mesh 270. Stabilizer portions 233 of the socket beams may be retained in the base 214, 
for example, by friction, adhesives, and/or mechanical expedients as noted above. Mating socket 
200 of Figures 21 and 22 may additionally include other features noted above in connection with 
5 the other Figures, but for brevity have not been repeated here. 

[0081] The mating socket 200 of Figures 21 and 22 may be easily manufactured. For example, 
the base 214 may be molded, e.g., from a liquid crystal polymer material such as VECTRA™. 
Beams 230 and 240 may be inserted into the molded base 214, or molded into the base 214. 
Floor 216 may be formed separately and attached to the base 214. 

10 [0082] Figures 23 and 24 illustrate a further exemplary embodiment of a die package 100 in 
accordance with the present invention. As shown in Figures 23 and 24, the die package 100 is 
generally similar to that shown in Figures 1 and 2, for example, and includes many of the same 
structures and features. As above, the die package 100 includes a housing 1 10, a posts 120 
extending from a bottom surface of housing 110, and package pins 130 extending along the posts 

15 120 as shown in Figure 24, for example. 

[0083] Housing 1 10 includes a base 1 14 having a floor 1 16 and walls 1 17. The floor 1 16 and 
walls 117 define a cavity in which one or more semiconductor dies may be housed. The die(s) 
may be enclosed within the base 114 with a lid (not shown) and/or encapsulant, as described 
above. Power contacts 166 and/or ground contacts 176 may be provided at the periphery of base 
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114. As shown in Figure 23, the power contacts 166 and ground contacts 176 may be provided 
on opposite sides of the base 1 14. As such, the die package 100 may be mated with the mating 
socket of Figures 21 and 22. Of course, as noted above, power and/or ground contacts may be 
provided on one side, on two adjacent sides, on three or more sides of base 114, elsewhere. 

5 [0084] Power plane 160 and ground plane 170 are provided within floor 116. Power plane 160 
and ground plane 170 are separated by insulative material. Power plane 160 includes a grid of 

I } intersecting rows 165 and columns 167. Extensions 169 of power plane 160 provide access to 
the surface of floor 116. Ground plane 1 70 includes a grid design of intersecting rows 171 and 

/ columns 172. Ends 132 of package pins 130 are exposed at the surface of floor 1 16 so that 
10 groups of one or more ends 132 (four in the example of Figures 23 and 24) are provided between 
the rows 171 and columns 172. Extensions (not shown) couple the power plane 160 to the power 
contacts 166. Likewise, extensions (not shown) couple the ground plane 170 to the ground 
contacts 176. Die package 100 of Figures 23 and 24 may additionally include other features 
noted above in connection with the other Figures, but for brevity have not been repeated here. 
1 5 [0085] It should be borne in mind that the particular embodiments of the present invention are 
but possible solutions to the complex problem of addressing thermal/mechanical and reliability 
constraints without sacrificing electrical performance. The flexibility of the design features 
described herein allows for a wide range of solutions that may vary with individual applications. 
Additionally, the pluggable alternative now affords systems architects fresh opportunities to 
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partition their products so as to provide new levels of sophistication in systems employing high 
pin-count devices. 

[0086] Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is intended 
that the specification and examples be considered as exemplary only, with a true scope and spirit 
of the invention being indicated by the following claims. 
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